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1. Introduction:
Thetransitionmetal-catalyzedallylicsubstitutionreactionrepresentsan
importantmethodfortheconstructionof carbon-carbon(alkylation)or carbon-
hetroatombonds(aminationoretherfication).\Thebasicmechanismforthistype
of transformationis onethatproceedsviaan'Y'/3-allylintermediate.Thetransition-
metalcanbepalladium,2iridium,3rhodium,4andothers,in whichnumberof
leaving roupsuchasesters,phosphatesmayalsobeemployed.
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A significantlimitationwiththeformationof theunsymmetrical'Y'/3-allyl
intermediatesis thattheresultingalkylationcanleadto theformationof two
regioisomers,asshownin Scheme1.Althoughawidearrayofmetalshavebeen
appliedto this problem,rhodiumhasemergedas themetalof choicefor
controllingregioselectivity.
It hasnowbeendemonstratedthatthecombinationof ligandandmetal
canbeusedtoincreasetheregioselectivity,bypromotingalkylationatthemore
hinderedsiteof 'Y'/3-allylintermediate.Thiswasattributedto thepositivecharge
buildupintheintermediateatthemoresubstitutedterminus.
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2. Background:.
Thefirstregioselectiverhodium-catalyzedallylicalkylationwasreported
byTsuji(Scheme2),5inwhichit wasdemonstratedthattherhodiumcatalysthas
amemoryeffectwithrespecttothepositionoftheleavinggroup.Thisresultwas
attributedto theformationof ana-allylrhodiumcomplexratherthana 1r-allyl
complex.
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Scheme2
In 1998,EvansandNelsonreportedthealkylationof secondaryand
tertiarycarbonatesu ingmodified-Wilkinson's catalyst.6Theydemonstratedthat
the enhancedregioselectivityis due to the 1r-acceptingnatureof the
trioganophosphitel gands,whichincreasesthepropensityforalkylationatof the
moresubstitutedsite(eq1).
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R1, R2 =alkyl,aryl ,H
I 11:12=13:1tO>99:11
In ordertoexaminethestereospecificityof therhodium-catalyzedallylic
alkylation,theyexaminedanenantiomericallyenrichedallyliccarbonate(S)-13.
Interestingly,thereactionprovidestheenantioenrichedproduct14withalmost
completeconservationof enantiomericexcess(eq2).
Thissomewhatsurprisingtheresultwasattributedtotheformationof a
configurationallystablenylor(a+7I")allylintermediate.Thistypeof intermediate
providesamodelfor reactivityasoutlinedinScheme3.
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For example,the enyl intermediatesii andii' resultfroma SN2type
reactionof startingallyliccompoundsi andi', whichundergoanotherSN2type
reactionaffordingiii andiii' withnetretentionof configuration,providedthe
alkylation(kz)is fasterthanequilibrium(kIfk.1)ofthespecificenantiomers.
EvansandLeahylaterdescribedthe first rhodium-catalyzedallylic
etherficationwith ortho-substitutedphenolswhich demonstraterelatively
hinderedortho- and ortho-disubstitutedderivativesundergoregioselective
alkylatio~(eq3)7. Althoughthisstudydemonstratesthereactionstoleranceto
substituentswithinthenuc1eophiles,it didnotexaminetheeffectof substituents
withintheallyliccarbonatederivative.
Lg
Rh(I) ..I
LnRh11l Nu- -
Nu
RR
- -
R
..
k2
i' ii' iii'
Scheme3
76
5
OC02Me RhCI(PPh3b P(OMeb~ ~
Pr ArOH, NaHMDS
THF, 0 °C toRT
82%-95%
OAr
prN + ~OArPr (3)
15
R'
Ar-tp
R
R, R'=Alkyl,Aryl,O-Alkyl,
Amine. Halid
16 17
16:17=14:1to57:1
Further studies demonstratethat the rhodium-catalyzed allylic
etherficationreactionwasnotapplicabletohardalkalimetalalkoxides.In order
toovercomethisproblem,themetalalkoxidewastransmetallatedwithcopper(I)
saltstosoftenthenucleophiliccharacterof thealkoxide.8,9Thisprotocolprovide
ageneralpproachtoaseriesofallylicarbonatesusingcopper(I)salts(eq4).
I R=alkyl,aryl,alkeneI 119:20=13:1to99:1 I
3.Resultsanddiscussions:
Preliminarystudiesdemonstratehattheapplicationof thephenolsas
nucleophilesto othercarbonateswas problematic.We envisionedthatthe
combinationof therhodium-catalyzedallylicetherficationwithphenolscouldbe
improvedusingacopperphenoxideinananaloguemannertothealcohols(eq5).
A seriesofrecemicsecondaryallyliccarbonatesweresubmittedtothe
ipr ipr
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regioselectiveallylicetherficationundertheoptimizedreactionconditionsas
outlinedinTable1.
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Table 1 Scopeof theRegioselectiveRhodium-CatalyzedAllylic EtherficationReaction.
a All reactionswerecarriedoutonaO.25mmolreactionscale.bRegioselectivity
wasderminedby GC analysison thecrudereactionmixtures.C Theprimary
productswerepreparedusingpalladium-catalyzedreactions.dIsolatedyields.
Entrl R= 22:23b,c Yield(%)0
1 a CH3 >99:1 88
2 b n-Pr >99:1 90
3 c
CHz=CH(CHzh
>99:1 87
4 d i-Bu 8:1 74
5 e
Ph(CHzh
>99:1 93
6 f Ph 10:1 90
7 g Naph
16:1 85
8 h Bn >99:1 70
9 i TBSOCHz 52:1
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10 j TBSO(CHzh
>99:1 83
11 k BnOCHz >99:1 89
12 I
BnO(CHzh
>99:1 85
13 m
cyc10hexyl
NA 50
14 n
i-propyl
NA 41
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Table1summarizestheapplicationoftheoptimizedreactionconditionsto
a seriesofsecondarycarbonates.Theregioselectivityof theallylicalkylationis
clearlytolerantof awidearrayof linearandbranchedalkylsubstituents(entries
1-5),providingthegoodselectivityandyields.The allylicalkylationis also
feasibleforaryl,benzylsubstituents(entries6-8)withaffordingsyntheticuseful
regioselectivecontrol.Thebenzyl-protectedhydroxyalkylsubstituentsand
tert-butyldimethylsilyl-protectedhydroxyalkylsubstituentsaffordedexcellent
regioselectivityandyields(entries9-12).Othera-substitutecarbonateswerealso
examinedunderthesameoptimizedreactioncondition(entries13,14).However,
theseentriesaffordedlowyields,duetosterichindrance.Moredetailedstudies
maybedoneincludingcatalystloadingto furtherprobethecauseof thelow
yields.
In summary,therhodium-catalyzedallylicetherficationwithcopper(l)
phenoxidewasappliedin thereactionsusingp-methoxyphenolasanucleophi1e.
Thestudydemonstratesthattheallylicetherficationis tolerantof alkyl,aryland
alkenegroupswith good regioselectivityand yields.However,branched
carbonatesaffordloweryields.
4. Futureworks:
In light of the ability to accomplishstereospecificitywith related
nucleophiles,8,lowe plan to examinethe stereospecificityof the allylic
etherficationwith copperphenoxides.The enantiomericallyenrichedallylic
carbonate25will beutilizedwitharangeofdifferentcopper(I)halides(eq6).
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5.Conclusion:
In conclusion,therhodium-catalyzedallylicetherficationconditionwitha
phenolnucleophilewasaccomplishedusingcopper(I)iodideasanadditive.The
copperphenoxidesdemonstrategoodregioselectivtieswith differentallylic
carbonates,howeverthebranchedallyliccarbonatesaffordloweryield.The
futureworkwill focusonthestereospecificityof theallylicetherficationandthe
applicationtonewnucleophiles
6.Experimental
General
All theexperimentswereusingflame-driedround-bottomflasksfurnished
withArgonballoon.All syringesweredriedin oven(150°C)thencooledin a
desiccator.Thetetrahydrofuranwasdistilledfromactivatedbenzophenonek tyl.
Trimethylphosphitewasfreshlydistilledandstoredovermolecularsieves.Para-
methoxyphenolwasrecrystallizedfromPhHthenstoredin adesiccator.Thedry
air-tightsyringewereusedintheexperiment.All startingmaterialswere
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purchasedfromAldrich,Acros,FlukaorLancasterchemicalcompaniesandused
withoutanyfurtherpurification.
All alcoholsandcarbonateswerepreparedusingliteratureproceduresand
predicatedby eitherflashchromatographyor distillation.Wilkinson'scatalyst
waspreparedusingliteratureprocedureandstoredundervacuum.Thin layer
chromatographywas used Merck 60 F254precoatedsilica plates.Flash
chromatographywasusedMerckSilicaGel 60.All spectrawereobtainedby
VXR400or1-400NMR machine.Thesolventis CDCi) foreveryNMR sample.
For the IH NMR wassetto 7.26ppm(CHCi), singlet).The HP 6890gas
chromatographwasusedtoobtainthegaschromatograms.MS datawereobtained
byusingEI orCI spectrometer.
GeneralExperimentalProcedurefor the rhodium-catalyzedallylic
etherficationusingp-methoxyphenol:
Thrimethylphosphite(12 JLI)was addedinto theWilkinson'scatalyst
suspendedin THF (1.5ml) underatmosphereof argon.Afterstirringfor 10
minutes,thelight-yellowhomogenoussolutionwasformed.To anotherflask,
LiHMDS (490JLV0.49mmol)wasaddedintothesuspensionof copper(l)iodide
(95mgl0.5mmol)andp-methoxyphenol(62mgl0.5mmol)in anhydrousTHF
(1.5ml).Theflaskwascooledto 0 °c, thenthecatalystwasaddedintothec
alkoxidesolution.by Teflon@cannula.Theallyliccarbonates(0.25mmol)in a
gastightsyringewereaddedinto thecatalystJalkoxidemixture.The reaction
solutionwasslowlywarmedto roomtemperatureandstirredovernight.2 M
sodiumhydroxidewasaddedintothereactionsolutionin orderto removethe
excessphenolandcopper(l)iodide.Purificationbyflashchromatography(8/100,
v/v,Dichloromethane/Hexane)furnishedtheproducts(41%-93%)ascolorlessoil.
-- - -- _d -
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M OCH3~I°
~
22a
1-(but-3-en-2-yloxy)-4-methoxybenzene22a.IH NMR (400MHz, CDCh) 0
6.87-9.79(m,4H),5.90(ddd,J =16.7,10.6,6.1Hz, 1H),5.24(dt,J = 17.2,1.3
Hz, 1H),5.15(dt,J= 10.5,1.3Hz, 1H),4.67(m,1H),3.76(8,3H), 1.41(d,J=
9.4Hz,3H).
HRMS (CI, M+)calcdforC11HI40Z178.0994,found178.0995.
M.
-:?'
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: OCH3
.. ~I° .
~
22b
1-(hex-l-en-3-yloxy)-4-methoxybenzene22b.IHNMR (400MHz,CDCh)0
6.86-6.77(m,4H),5.84(ddd,J=17.2,10.6,6.5Hz, 1H),5.25-5.15(m,2H),
4.50-4.44(m,1H),3.75(8,3H),1.82-1.38(m,4H),0.95(t,J= 7.4Hz,3H).
HRMS (CI,M+)ca1cdforC13HI80Z206.307,found206.1310.
M OCH3~I°
~
22c
I-methoxy-4-(octa-l,7-dien-3-yloxy)benzene22c.IH NMR (400MHz,CDCh)
06.87-6.80(m,4H),5.86-5.78(m,2H),5.26-5.18(m,2H),5.03(dt,J= 17.2,1.7
Hz, 1H),4.97(dt,J=10.2,1.1Hz, 1H),4.48(m,1H),3.77(8,3H),2.11(tt,J=
7.1,6.9Hz,2H),1.85-1.49(m,4H).
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~OCH3~
22d
l(hex-l-en-3-yloxy)-4-methoxybenzene22d.lH NMR (400MHz, CDCh) 0
6.86-6.78(m, 4H), 5.83(ddd,J = 17.2,10.6,6.4 Hz, 1H), 5.23-5.14(m, 2H),
4.55-4.50(m,1H),3.76(s,3H), 1.85-1.70(m,2H), 1.46-1.41(m,1H),.095(t,J=
6.6Hz,6H).
HRMS (CI, M+)ca1cdforCl4HzoOz220.1463,found220.1465.
~OCH3N
~
l)
22e
1-[3-(4-methoxyphenoxy)pent-4-enyl]b zene22e. lH NMR (400 MHz,
CDCh)07.22(m,5H),6.82(dd,J= 9.4,13.7Hz,4H),5.78(ddd,J= 13.1,10.5,
6.6Hz, 1H),5.27(dt,J= 13.1,1.3Hz, 1H),5.20(dt,J= 10.5,1.1Hz, 1H),4.49
(dq,J= 6.5,1Hz,1H),3.77(s,3H),2.88-2.72(m,2H),1.91-2.18(m,2H).
HRMS (CI,M+)ca1cdforC1sHzoOz268.1463,found268.1458.
~OCH3
oN
~
22f
1-[1-(4-methoxyphenoxy)allyl]benzene22f. lH NMR (400MHz, CDCh) 07.44-
7.29(m,5H),6.85(m,4H),6.12(ddd,J= 16.8,10.4,6.4Hz, 1H),5.55(d,6.0Hz,
1H),5.35(dt,J= 17.1,1.4Hz, 1H),5.27(dt,J= 10.4,1.4Hz,1H),3.76(s,3H).
HRMS (EI, M+)calcdforC16H160Z240.1157,found240.1151.
83
12
M OCH3~I
~'-':::O~I 0
22g
2-[1-(4-methoxyphenoxy)ally)naphthalene22g.IHNMR (400MHz,CDCh)0
7.88-7.49(m,7H),6.96-6.77(m,4H),6.19(ddd,J= 16.9,10.3,5.9Hz, 1H),5.71
(d,J =6Hz, 1H),5.44-5.29(m,4H),3.74(s,3H).
HRMS (CI,M+)calcdforC2oH1S02290.1307,found290.1294.
M OCH3~ ~II °~ ~
22h
1-(1-phenylbut-3-en-2-yloxy)-4-methoxybenzene22h.IH NMR (400MHz,
CDCh) 0 7.28-7.26(m,5H),6.81-6.74(m,4H),6.08(ddd,J= 17.0,10.8,6.3Hz,
1H),5.41-5.36(m,2H),4.87(m,1H),3.94(s,3H).
HRMS (CI, M+)calcdforC17H1s0254.1307,found254.1305.
M OCH3~I°
>?~(o~
22i
[2-(4-methoxyphenoxy)but-3-enyloxy)(tert-butyl)dimethylsilane22i.IH NMR
(400MHz, CDCh)06.88-6.77(m,4H),5.87(ddd,J= 16.7,10.8,5.8Hz, 1H),
5.34(dt,J= 17.4,1.3Hz, 1H),5.25(dt,J=10.8,1.3Hz),4.57(m,1H),3.85-3.70
(m,5H),0.89(s,9H),0.08(s,3H),0.06(s,3H).
HRMS (CI,M+)calcdforC17H2s03Si308.1808,found308.1794.
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22j
[3-(4-methoxyphenoxy)pent-4-enyloxy](tert-butyl)dimethylsilane22j. 1H
NMR (400MHz,CDCh)0 6.87-6.77(m,4H),5.86(ddd,J = 17.2,10.6,6.3Hz,
1H),5.26-5.15(m,2H),4.71(m,1H),3.84-3.69(m,5H),2.03-1.77(m,2H),0.87
(s,9H),0.02(s,3H),0.00(s,3H).
HRMS (CI,M+)calcdforCl8H3003Si322.1964,found322.1949.
~OCH3
0 oN~o~
22k
1-{[2-(4-methoxyphenoxy)but-3-enyloxy]methyl}benzene22k. IH NMR (400
MHz, CDCh)0 7.55-7.46(m,5H),7.05(m,4H),6.09(ddd,J = 17.0,12.5,5.9
Hz, 1H),5.56(dt,J =17.3,1.4Hz, 1H),5.47(dt,J =10.6,1.3Hz, 1H),4.94(m,
1H),4.82(d,J= 3.0Hz,2H),3.96(s,3H),3.81-3.90(s,2H).
~ OCH3~I0
()O~
221
1-(S-phenoxypent-l-en-yloxy)-4-methoxybenzene221.IH NMR (400MHz,
CDCh)07.33-7.28(m,5H),6.88-6.80(m,4H),5.87(ddd,J = 17.2,10.6,6.4Hz,
1H),5.26(dt,J = 17.4,1.2Hz, 1H),5.19(dt,J = 10.7,1.1Hz, 1H),4.74(m,
1H),4.51(s,2H),3.78(s,3H),3.72-3.59(m,2H),2.12-1.93(m,2H).
HRMS (CI,M+)calcdforCl9H2203298.1569,found298.1570.
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